indices were 0.27 ± 0.71 for the right foot and 0.28 ± 0.07 for the left foot. The prevalence of foot, knee, and lower back pain was 65 (30.2%), 43 (20.0%), and 93 (43.3%), respectively. The Pearson correlation analysis did not reveal any significant relationship ( p > 0.05) between foot pain and each of the right ( r = -0.010, p = 0.886) and left ( r = 0.004, p = 0.955) arch indices as well as between knee pain and each of the right ( r = 0.042, p = 0.536) and left ( r = 0.045, p = 0.515) arch indices. A similar trend was observed for the lower back, which also did not show any significant relationship to each of the right ( r = 0.026, p = 0.703) and left ( r = 0.097, p = 0.157) arch indices. Conclusion: The study participants had a high prevalence of low foot arches, indicating pes planus. Lower back pain was more common than foot and knee pain. The foot arch heights did not show any relationships between the intensities of foot, anterior knee, and lower back pain. The aim of this study was to assess the arch height index of pregnant women and its correlation with foot pain, anterior knee pain, and lower back pain. Subjects and Methods: Two hundred and fifteen consenting pregnant women participated in this cross-sectional study. The arch height index was assessed from their foot prints, while pain intensity was rated on a numerical rating scale. Data were summarized with descriptive statistics and the Pearson correlation was used to determine correlations between the variables at p < 0.05. Results: Of the 215 pregnant women, 123 (57.2%) and 127 (59.9%) had low arch heights on the right and left feet, respectively, and the mean arch height
Introduction
Pregnancy is associated with several alterations of the body's systems, including hormonal and musculoskeletal changes [1] . Pelvic and spinal joints as well as the ligaments are relaxed and capable of greater motion during pregnancy due to the influence of relaxin and estrogen, which are produced by the ovaries [2] . However, the integrity of connective tissues is compromised, leading to an increase in joint mobility and increased risk of ligamentous injuries [3] , which are commonly observed during pregnancy. The foot is also prone to pregnancy-related changes because overpronation of the foot may develop as a consequence of relaxation of its connective tissues [4] . This further increases the stress on the foot and joint structures that maintain the stability of the foot arches. The arches of the foot, most importantly the medial longitudinal arches, add to its weight-bearing capacity and resiliency [5] . Hormonal and physical changes during pregnancy compromise the integrity of the supporting soft tissues of the foot arches through joint laxity due to the effect of relaxin and other hormones and the increased body weight [1] . A decrease in arch height leads to a loss of the longitudinal arch (pes planus) and has been reported during pregnancy, with the majority of cases lasting into postpartum periods and beyond [6] . This pregnancy-related decrease in arch height usually results from hormonal and physical changes, including increased ligamentous laxity, weight gain, and a shift in the center of gravity [2, 3, [5] [6] [7] [8] [9] . The loss of arch height affects the weight bearing of the foot, resulting to pain, irritation, or discomfort in the foot and other lower limb joints [3] due to the synchrony in their biomechanics [8] . Therefore, unusual or prolonged stress in the foot can affect the biomechanics and functioning of proximal joints, which commonly translates into pain at the knee, hip, pelvis, and lower back. Previous studies [9] [10] [11] [12] have shown significant relationships among pes planus and knee pain, hip, and lower back symptoms in many populations, but there is limited information on these relationships during pregnancy.
Women's healthcare practices in Nigeria have not given much consideration to the integrity of the supporting structures of the foot and their associated complications in other proximal joints during pregnancy, and hence the assessment, management, and prevention of musculoskeletal problems among pregnant women are not managed properly. Therefore, the objective of this study was to determine if there are any relationships between the arch height index (AHI) of the medial-longitudinal arch and intensity of foot, knee, and lower back pain among pregnant Nigerian women.
Materials and Methods
A total of 215 pregnant women (age range 18-40 years) participated in this cross-sectional study. The participants were recruited from the antenatal clinics of 4 government hospitals in Enugu, Nigeria. The exclusion criteria were amputations of a lower limb, recent surgeries affecting locomotion, previous lower limb or spinal joint surgery or trauma, and chronic diseases affecting collagen metabolism.
The University of Nigeria Health Research and Ethics Committee reviewed and approved this study and written informed consent was obtained from the participants before enrollment. Obstetric information was obtained directly from each participant and body mass (kg) and height (meters) were measured to calculate body mass index as kg/m 2 . In addition, information on pregnancyrelated medical histories, including foot, hip, and lower back pain, and any ankle, knee, or foot surgeries or injuries during the present pregnancy, was obtained directly from the participants.
A standard numerical pain rating scale was used to assess the foot, knee, and lower back pain intensities of the participants. The participants were asked to make 3 numeric ratings, corresponding to the current intensity of pain experienced in the foot, knee, and lower back. Scores on the scale ranged from 0 to 10, with mild pain graded as 0-4, moderate pain scored as 5, and severe pain as 6-10.
The static arch height indices were measured from both footprints using the method proposed by Cavanagh and Rodgers [13] . With the participants in a static standing position, they were asked to step with each foot onto a wooden board covered with talc powder and then onto a sheet of carbon paper. The imprints were traced out on a calibrated plain sheet. The truncated foot length (without the toes) of the footprint area was divided equally into 3 sections: A, the rear foot area; B, the mid foot area, and C, the fore- 482 foot area. Then, the AHI was calculated by dividing the mid foot area (B) by the total foot area (without the toes): AHI = B/(A+B+C). Participants' feet were classified into 3 categories based on the principles used in a previous study [14] that classified a high arch as AHI values <0.21, a normal arch as ranging from 0.22 to 0.26, and a low arch as values >0.27.
Statistical Analysis
The data were analyzed using SPSS software version 21 (IBM Corporation, Armonk, NY, USA), with an alpha level set at p < 0.05. Descriptive statistics (frequency, percentages, means, and standard deviations) were used to summarize the prevalence of foot, knee, and lower back pain. Inferential statistics using Pearson and partial correlations were used to determine the associations between the foot arch heights and each of foot, knee, and lower back pain.
Results
The mean age of the 215 women was 25.1 ± 4.9 years, and mean BMI was 27.42 ± 15.97. The sociodemographic characteristics of the participants are presented in Table 1 . The majority (57.2%) of the participants were in the third trimester of their pregnancies.
The foot classification of the pregnant women is presented in Table 2 . In total, 123 (57.2%) and 127 (59.9%) women had low arches of the right and left feet, respectively. The mean AHI of the right and left feet were 0.27 ± 0.71 and 0.28 ± 0.69, respectively. The pregnancy-related proximal joint pains in the 3 body segments among the participants were reported as follows: lower back pain, 93 (43.3%); foot pain, 65 (30.2%); knee pain, 43 (20.0%); and no pain, 14 (6.5%).
The Pearson and partial correlation factors between the participants' AHIs and intensities of foot, knee, and lower back pain are shown in Table 3 
Discussion
This study revealed a high prevalence of low-arched feet (right, 57.2%; left, 59.1%), indicating pes planus among the participants. The presence of low arch heights among pregnant women in this study confirmed the findings of previous studies [6, 15, 16] that reported pregnancy-related changes in the foot arches. Bohemen [15] reported a significant loss of the medial longitudinal arch in 2 pregnant women. Wetz et al. [16] also reported a slight nonsignificant decrease in the arch height of 40 pregnant women. In a recent study, Dunn et al. [6] reported that 65.7% of the parous women in their study had low arch heights with an associated increase in shoe size. Changes in the structure of the foot, particularly decreased arch heights, might be consequential to the changes in the body biomechanics resulting from forward displacement of the body mass during pregnancy. Secondly, pregnancy-related increases in body mass could increase the load transferred to the distal body segments. Hormones, including relaxin and estrogen, can have an influence during pregnancy as their laxity effects on the cervical tissues may also affect the ligaments supporting the foot arches [17] . According to Segal et al. [18] , "the combination of ligamentous laxity in the arch, increased body mass and the shift in the center of pressure towards the posterior part of the foot during pregnancy may contribute to change in length of the ligaments supporting the arch, leading to loss of arch height." The participants in the present study reported pregnancy-related foot, knee, and lower back pains, with lower back pain being the most common. This finding corroborates previous studies that reported the prevalence of foot [19] , knee [20] , and lower back [19] pain among pregnant women. An increased risk for such musculoskeletal problems was related to the biochemical and biomechanical changes that occur in a woman's body during pregnancy [18] . The pregnancy-related increase in body mass in addition to the effect of the hormone relaxin [21] during pregnancy are potential precursors of atypical stresses on the musculoskeletal system, with resultant joint pain. In addition, biomechanical changes in the foot [16, 22] , loss of arch height [18, 22] , and changes in gait pattern [23] during pregnancy are major factors contributing to foot pain in pregnant women. Pregnancy-related laxity in the knee joint, particularly cruciate ligament laxity [24] and chondromalacia of the patella [25] , have been associated with increased knee pain during pregnancy. Furthermore, pregnancy-related lower back pain, the most widely studied condition, has been attributed to several factors, including, hormonal-mediated joint laxity, vascular changes, postural changes resulting from the increasing growth of the fetus [26] , muscular dysfunctions [25] , and decreased back muscle endurance [27] , among others.
In the present study, no significant correlations were found between the AHI and each of the foot, knee and lower back pain intensities of the participants. In contrast, relationships between the structure of the medial longitudinal arch and proximal joint pain were previously reported across several populations [9, 10, 12, 18, 28] . It has been explained that resultant changes in foot biomechanics associated with changes in the foot structure can alter the normal control of forces propagating from the foot to more proximal lower limb joints and the spine [10, 18] , and may contribute to pain in the feet, knees, and hips [9, 18] . Foot dysfunctions can result in overuse syndromes, muscle imbalances, abnormal joint alignment, and increased stresses on the surrounding soft tissues in compensation for limitations of the foot [9] , with possible resultant foot pain. The resultant excessive foot pronation typical of low-arched feet has been associated with a higher incidence of knee pain [9] . Cho et al. [12] also established associations between the mechanical axis alignment of the lower limb and osteoarthritis severity, while Kosashvili et al. [28] found that moderate and severe pes planus was associated with a nearly doubled rate of anterior knee pain and intermittent lower back pain. Gross et al. [11] posited that such associations between foot changes and knee pain might be expected if the postural alterations that accompany planus foot morphology also result in a tendency for the femur to accompany the tibia in internal rotation. This is because excessive femoral internal rotation, if it occurs, could cause the lateral trochlea femoris to abut against the lateral patella. Also, when planus foot morphology is accompanied by a more proximal bony malalignment there is a tendency for increased contact between the articulating surfaces of the lateral patellofemoral joint, which results in excessive joint stress and cartilage damage [11] . These imply that, in addition to planus foot morphology, a combination of other factors, including possible resultant femoral anteversion, external tibial torsion, and an excessive valgus quadriceps angle (Q-angle), may be responsible for the mechanical overload and stress of the lateral patellofemoral joint [29] . Similar to a limitation of the study by Gross et al. [11] , the present study did not assess femoral anteversion, tibial torsion, or the Q-angle for the purpose of establishing a more definite and specific relationship between the foot structure and the incidence of knee pain during pregnancy. Another factor which may explain the absence of a correlation between AHI and foot and knee pains in the present study is that AHI in each foot was not specifically correlated with pregnancy-related pains in the ipsilateral foot and knee joints.
Considering lower back pain, the present study contradicted the results of a previous study [30] that showed associations between changes in foot morphology, particularly pes planus morphology with its associated excessive foot pronation, and the incidence of lower back pain. In their study, Pinto et al. [30] reported that excessive foot pronation is associated with the occurrence of lower back pain, which they explained by establishing a consecutive sequence of events occurring in the musculoskeletal system. According to their deductions from previous studies, there is a linear relationship among increased foot pronation, excessive calcaneal eversion, increased pelvic anteversion, lumbar hyperlordosis, and the occurrence of pathological conditions of the lumbar spine. The contradictory findings reported here regarding correlations between foot structure and lower back pain may be attributed to the cross-sectional design of the study. A longitudinal study that monitors the changes in AHI at various stages of gestation will offer better grounds for establishing correlations between pregnancy-related changes in foot structure and the occurrence of lower back pain, and generally in the other proximal lower limb joints.
Conclusion
In this study, low foot arches, indicating pes planus, were highly prevalent among the pregnant women, with dominance in the left foot. There was no association among the foot arch heights and the intensities of foot, anterior knee, and lower back pains experienced during pregnancy. Therapeutic interventions aimed at maintaining the integrity of the foot structures during pregnancy is recommended. Further longitudinal studies are also required to better assess the relationship between the arch index and the intensity of pain or musculoskeletal changes in the proximal joints of the lower limbs, as well as determining the other causes of foot, knee, and lower back pains during pregnancy.
